figure 1. This late-season sea ice is tinged brown from the growth of microorganisms and algae growing on the bottom and in the flooded pores of the disintegrating ice. Note the low ceiling and thick cloud cover, fairly typical of polar oceans for much of the year and further reducing the light available to watercolumn primary producers.
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POlyNyas
Bacteria were first observed in Antarctic sea ice in 1966 (Iizuka et al., 1966) . SIMCO bacteria are often reported to be larger than pelagic forms, are capable of rapid growth rates (Kottmeier and Sullivan, 1987) , and can be found both free-living and attached to algal cells in the dense assemblages that form within the ice (Palmisano and Garrison, 1993) . Seaice-associated bacteria are more likely to be true psychrophiles (optimal growth temperatures < 15°C) (Delille, 1992) than their planktonic counterparts, and produce more colony-forming units (CFU) per volume sampled than seawater populations (Bowman et al., 1997a; Brinkmeyer et al., 2003; Junge et al., 2002) . Molecular taxonomic characterization of sea-ice bacterial diversity using 16S rRNA gene sequencing suggests that although there are some organisms in common between the sea ice and underlying seawater, many of the psychrophilic species appear to be unique to the sea-ice habitat (Bowman, 1997b) . Most SIMCO bacteria are affiliated with the Proteobacteria (alpha-and gamma-Proteobacteria), Bacteriodetes, and Actinobacteria phyla. The question of marine microbial biogeography was (Fuhrman and Azam, 1980; Hollibaugh et al., 1992) . Winter rates are much lower, however, likely due to carbon limitation. Bacterioplankton blooms have been detected in the subAntarctic (Delille et al., 1996) (Letelier and Karl, 1989; Zubkov et al., 1998; Johnson et al., 2006) . Garneau et al. (2006) detected Synechococcus in Arctic waters; however, they are related to freshwater clades and their occurrence seems to be the result of freshwater input (Waleron et al., 2007) .
Most research concerning the diversity of polar marine bacteria has focused on cultivated organisms. Recent reports of studies in Terra Nova Bay (Maugeri et al., 1996; Michaud et al., 2004) and McMurdo Sound (Webster et al., 2004) reported high diversity, while another study comparing strains isolated from both poles (Mergaert et al., 2001) reports that five of eight clusters derived using numerical taxonomy were common to both poles. Diversity studies of the 16S rRNA gene sequence provide similar findings in which polar species (from either pole) are the nearest relatives (Murray and Grzymski, 2007) . (Bano and Hollibaugh, 2002) and Antarctic (Murray and Grzymski, 2007) samples, suggesting the importance of these organisms in these ecosystems. Members of these groups are known to produce proteorhodopsin and thus they may benefit from energy obtained from proteorhodopsin-proton pumping actions. Aerobic anoxygenic phototrophs related to the Roseobacter clade also appear to be abundant in both polar coastal and oceanic systems (Selje et al., 2004) . A detailed description is beyond the scope of this article, but more details can be found in reviews such as Murray and Grzymski (2007) Church et al., 2003; DeLong et al., 1994; Galand et al., 2006; Massana et al., 1998; Murray et al., 1998; Wells et al., 2006; Wells and Deming, 2003) .
Group II marine Euryarchaeota have also been detected (DeLong et al., 1994) , as have GIII and GIV Crenarchaeota in the deep polar frontal waters of the Antarctic (López-Garcia et al., 2004) and in Arctic waters (Bano et al., 2004; Galand et al., 2006) . The marine Group I Crenarchaeota are unique in their distribution as they have been detected in winter surface waters in high relative abundance (~ 20% of total rRNA) in comparison to other lower-latitude waters where they are rarely detected in surface waters .
They are abundant in deeper polar waters as in other regions of the ocean (Church et al., 2003; Karner et al., 2001 ).
Activities of these archaea remain to be demonstrated in polar waters, though some of them may play roles as ammonia oxidizers, as has been suggested for other Crenarchaeota affiliated with this lineage (Francis et al., 2005; Konneke et al., 2005) . In addition, a relative of the Group II Euryarchaeota is reported to contain a proteorhodopsin ortholog, suggesting that this group of archaea, whose distribution is mostly restricted to surface waters, can use the light-driven rhodopsin proton pump to generate a proton motive force (Frigaard et al., 2006) . Marine archaea have not been 
